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© Temperature sensing apparatus. 



© It is desirable to be able to sense the tempera- 
ture of a semiconductor element to detect, for exam- 
ple, overheating of that element A temperature 
sensing apparatus is disclosed which comprises a 
polysiiicon device, (7), functioning as a temperature 
transducer and integrated with a semiconductor ele- 
ment <1). A silicon oxide layer (5) separates the 
temperature transducer device (7) from the element 
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TEMPERATURE SENSING APPARATUS 



This invention relates to temperature sensing 
apparatus, and in particular to temperature sensing 
apparatus comprising at least one semiconductor 
device for sensing temperature. 

It is desirable to be able to sense the tempera- 
ture of a semiconductor element for a variety of 
purposes. For instance, it is a problem with many 
sorts of semicopductor element that overheating of 
the element may, if prolonged, lead to the destruc- 
tion of that element. By way of example, any MOS 
switch has a limit to its capability to dissipate 
power which, if exceeded, may result in the over- 
heating and self-destruction of the MOS switch. 
The power dissipated by a switch is the product of 
the voltage across the switch and the current 
through the switch: the switch is normally used in 
conjunction with a load which, under normal operat- 
ing conditions, limits the current through the switch 
and the voltage across it to a value within the 
power dissipation capability of the switch. Should 
the load be inadvertently short circuited, the total 
supply voltage will be across the switch which may 
result in the power dissipation capability being ex- 
ceeded with the consequent overheating and de- 
struction of the switch. 

According to the present invention, a tempera- 
ture sensing apparatus comprises a semiconductor 
element, at least one semiconductor device for 
sensing the temperature of the semiconductor ele- 
ment and a means allowing both electrical isolation 
and thermal contact between the device and the 
element, the means being integral with the device 
and the element, and an output circuit connected to 
the device and arranged to provide an output indi- 
cative of the temperature of the element 

Consequently, the temperature of the element 
for instance an MOS switch, may be sensed and 
overheating readily detected. Preferably, the semi- 
conductor device may be integrated in poiystOcon 
and the means providing both electrical isolation 
and thermal contact may comprise a dielectric lay- 
er which may be of silicon nitride and/or silicon 
dioxide. Consequently, the semiconductor device 
for sensing temperature may be positioned within a 
few microns of the element thus providing a com- 
pact and rapidly reacting temperature sensor. 

The semiconductor device may consist of es- 
sentially a uni-polar junction device. For instance, a 
polysilicon diode or resistor may be utilised or, 
alternatively, a MOS transistor fabricated in poly- 
silicon. 



Conveniently, the output means may be ar- 
ranged to provide an output dependant on the 
current flowing through the device which may con- 
stitute an indication that the temperature of the 

5 element exceeds a predetermined threshold. 

An example of the invention will now be de- 
scribed with reference to the accompanying draw- 
ing in which Figure 1 depicts a schematic cross 
section through a MOS structure having a tempera- 

10 ture sensing apparatus in accordance with the 
present invention. 

Referring now to Figure 1, a semiconductor 
element 1, the temperature of which is to be 
sensed, is arranged in a silicon substrate 2. In the 

75 present example, the semiconductor element 1 is a 
MOS switch for switching current supplied on a 
conductor 3 to a load 4. Heat is dissipated from the 
switch 1 , when on, to the silicon substrate 2. A thin 
silicon oxide layer 5 bounding a portion of the 

20 silicon substrate 2 in proximity to the switch 1, 
allows both electrical isolation and thermal contact 
between the switch 1 and the semiconductor de- 
vice 7 which is used for sensing the temperature of 
the switch 1. The device 7 may comprise a chain 

25 of junction devices, 7, integrated in polysilicon 6. In 
the present example, the chain consists of series 
connected polysilicon diodes 7, of which two are 
illustrated. An output circuit, comprising a voltage 
source 9, is connected to apply a voltage across 

30 the chain of diodes 7 via conductor 8. 

A current detection device 10 is arranged to 
detect current flowing through the devices 7. The 
voltage source 9 applies a fixed voltage which is 
below the voltage threshold required to drive the 

35 diodes 7 into conduction, under normal operating 
conductions. The voltage threshold is, however, 
temperature dependant and decreases with in- 
creasing temperature. Consequently the diodes 7 
will become conducting should sufficient heat from 

40 the switch 1 be conducted to the diodes 7. In such 
circumstances, the current detection device 10 
may provide an output signal on conductor 11 to 
turn off MOS switch 1 . 

It will be apparent that the precise form of the 

46 semiconductor devices 7, the voltage applied by 
source 9, the proximity of the devices 7 to the 
switch 1 and the thermal conductivity of the inter- 
spaced portion between switch 1 and device 7 are 
at least some of the factors to be taken into ac- 

so count in arranging for the output circuit to provide a 
predetermined output indicative of the temperature 
of the switch 1, and, in particular, of the over- 
heating of the switch 1 above a predetermined 
level. 
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if a semiconductor device is utilised having 
temperature dependent charge transport properties 
not characterised by an abrupt conduction thresh- 
old, for instance a thermistor, then the temperature 
sensing apparatus may be arranged so that the 
current detection circuit 10 provides an output 12 
indicative of the actual temperature of the switch 1 , 
in dependence, for instance upon the amount of 
current flowing or the voltage applied by voltage 
source 9. Further, particular arrangements of semi- 
conductor devices 7 may be utilised which are 
arranged to allow current flow in an output circuit 
only when the devices are below a predetermined 
temperature. 



10. Temperature sensing apparatus as herein 
before described with reference to the accompany- 
ing drawing. 
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Claims 



1. Temperature sensing apparatus comprising 

a semiconductor element at least one semiconduc- 20 
tor device for sensing the temperature of the semi- 
conductor element; and means providing both elec- 
trical isolation and thermal contact between the 
device and the element, the means being integral 
with the device and the element; and an output 25 
circuit connected to the device and arranged to 
provide an output indicative of the temperature of 
the element. 

2. Temperature sensing apparatus as claimed 

in Claim 1 wherein the means providing both elec- 30 
trical isolation and thermal contact comprises a 
dielectric layer. 

3. Temperature sensing apparatus as claimed 
in either Claim 1 or Clam 2 wherein the semicon- 
ductor device is integrated in polysilicon. 35 

4. Temperature sensing apparatus as claimed 
in Claim 2 or 3 wherein the dielectric layer com- 
prises silicon nitride and/or silicon dioxide. 

5. Temperature sensing apparatus as claimed 

in any preceedidng claim, wherein the semiconduc- 40 
tor device is a unipolar junction device. 

6. Temperature sensing apparatus as claimed 
in Claim 5 wherein the unipolar junction device 
consists of either a diode, a MOS device or a 
resistor. 45 

7. Temperature sensing apparatus as claimed 
in any preceeding claim wherein the semiconductor 
element consists essentially of a MOS switch. 

8. Temperature sensing apparatus as claimed 

in any preceding claim wherein the output circuit so 
further includes means operable to turn off the 
MOS switch at a predetermined temperature of the 
switch. 

9. Temperature sensing apparatus as claimed 

in any preceeding claim wherein the output circuit ss 
comprises a voltage source for applying a pre- 
determined voltage. 
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© Temperature sensing apparatus. 

© It is desirable to be able to sense the tempera- 
ture of a semiconductor element to detect, for exam- 
ple, overheating of that element. A temperature 
sensing apparatus is disclosed which comprises a 
polysilicon device, (7), functioning as a temperature 
transducer and integrated with a semiconductor ele- 
ment (1). A silicon oxide layer (5) separates the 
temperature transducer device (7) from the element 
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